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Introduction {#sec005}
============

There is evidence that myopia is reaching epidemic proportions at a speed that suggests strong environmental influences \[[@pone.0238122.ref001]\]. Myopia is not just an optical inconvenience, its detrimental impacts on the eyeball itself include a several fold increase in the risk of many sight-threatening ocular conditions, including cataracts, glaucoma, retinal detachments and myopic retinopathy \[[@pone.0238122.ref002]\].

There is clear evidence for a high and increasing prevalence of myopia in East Asia \[[@pone.0238122.ref003]--[@pone.0238122.ref008]\], apparently driven by increasing educational pressures and urbanization \[[@pone.0238122.ref009]--[@pone.0238122.ref013]\]. The absolute prevalence of myopia in Australia is much lower than in East Asian \[[@pone.0238122.ref014]--[@pone.0238122.ref016]\], United States \[[@pone.0238122.ref013]\] and Western Europe \[[@pone.0238122.ref017]--[@pone.0238122.ref020]\]. However, the evidence for an increasing prevalence of myopia in Australia is more questionable, due to the limited number of cross-sectional studies over time and the confounding effects of age-related emmetropization \[[@pone.0238122.ref021]\]. Therefore, studies at different time points are clearly required to quantify changes in the prevalence of myopia, for accurate assessment of the public health impacts and to assist with the development of preventive approaches.

There have been two cross-sectional studies at different time points evaluating the prevalence of myopia among schoolchildren in Sydney urban areas. French et al. \[[@pone.0238122.ref014]\] found that the prevalence of myopia in children aged 12 years living in Sydney over a 6-year period (from 2004--2005 to 2009--2011) increased from 4.4% to 8.4% in Caucasian and from 38.5% to 42.7% in East Asian children, respectively. Conversely, Junghans et al. \[[@pone.0238122.ref016]\] found little evidence of an epidemic of myopia in Australian primary school children aged 4--12 over a 30-year period, although they mention that only 8.8% of their cohort comprised Asian children.

Many studies have shown that the prevalence of myopia is influenced by environmental factors, such as living in urban as against rural areas \[[@pone.0238122.ref022]--[@pone.0238122.ref024]\], inner city-urban and outer suburban areas \[[@pone.0238122.ref025]\], population density and house size \[[@pone.0238122.ref026]\], and housing type \[[@pone.0238122.ref027]\]. Other external factors such as social disadvantage appear to impact myopia prevalence, such that children of parents having fewer years education and lower incomes are less likely to become myopic \[[@pone.0238122.ref028]--[@pone.0238122.ref030]\].

The Stewart House Children's Charity is located on the northern beaches in Sydney and provides a unique service for children coming from disadvantaged populations by offering respite care with health screening and personal health and wellbeing education and support \[[@pone.0238122.ref031]\]. Children attend the service from predominantly rural or remote areas of New South Wales and the Australian Capital Territory. The School of Optometry and Vision Science at the University of New South Wales (UNSW) has provided a comprehensive vision care service to Stewart House since 1972. This retrospective cross-sectional study captured 3 time points to assess the prevalence of myopia and mean spherical equivalent refraction (SER) among this population of disadvantaged schoolchildren in Sydney, Australia in 2014, 2016 and 2018. In addition, the data from this study was compared with historical data from the same location.

Methods {#sec006}
=======

This is a retrospective study of existing clinical records obtained during the Stewart House visits. The participants were from government schools in New South Wales and the Australian Capital Territory. Each school Principal chose children from disadvantaged families to attend a 2-week program at Stewart House. An information flyer describing the Stewart House program and age-appropriate eye examination was sent to parents or guardians prior to the children attending the service, which required signed consent. A short questionnaire asking parents of their children if they had visual symptoms was included. All children who were granted permission by their parents or guardians to visit the Stewart House in 2014, 2016 and 2018 were included, regardless of visual status. Each child attended Stewart House once. This study was approved by the Human Ethics Committee of UNSW Sydney (HC No:190255) and conformed to the tenets of the Declaration of Helsinki. The Research Ethics Committee specifically waived the requirement for parental or guardian consent.

Refractive error was determined by noncycloplegic retinoscopy while the child maintained fixation on a distant non-accommodative (6 m) target. All retinoscopy was performed by one examiner (AD). Other tests included in the eye examination were letter visual acuity at 6 m and 33 cm, cover test for strabismus, ocular motilities, saccades, pupil reactions, near point of convergence, heterophoria, stereopsis, accommodative facility, color vision and ophthalmoscopy.

For this study myopia was defined \[[@pone.0238122.ref001], [@pone.0238122.ref003], [@pone.0238122.ref015], [@pone.0238122.ref016]\] as SER equal to or more minus than -0.50D, and hyperopia as SER greater than +0.50D. Thus, emmetropia was defined as SER in the range -0.49 to +0.50D. Only refractive data from right eyes was used for the current refractive class analysis as the correlation between right and left eye refraction was extremely high (P \< 0.0005).

Continuous baseline variables were expressed as mean ± standard deviation and evaluated with a one-way analysis of variance. Categorical variables, such as sex were expressed as a percentage (%) and evaluated with the Chi-square test. The factors related to the prevalence of myopia, mean SER and astigmatism were assessed with univariate and multivariate regression analyses. The interaction test was used to assess the changing trend in the mean SER and age between males and females. A P-value \< 0.05 was considered statistically significant. All analyses were performed using Empower (R) ([www.empowerstats.com](http://www.empowerstats.com), X & Y solutions Inc., Boston, MA) and R (<http://www.R-project.org>).

Results {#sec007}
=======

Among the 4585 children who consented to participate in an eye examination, the data of 4365 (95.2%) children were used for analysis. Of the 220 children whose data were excluded (67, 67 and 86 cases in 2014, 2016 and 2018, respectively), 112 were excluded for strabismus (64 exotropia, 47 esotropia, 1 vertical strabismus), 89 were absent on the day of the eye examination or returned home early before the eye examination, 8 attended twice (but only data from the first attendance has been included), 11 were excluded due to pathology (2 cases of unilateral corneal opacity, 2 cases of bilateral severe keratoconus, 2 cases of pseudophakia following bilateral congenital cataract surgery, 2 cases of unilateral blindness due to congenital fundus abnormalities, 2 cases of congenital high myopia over -12D in both eyes, 1 case of nystagmus in conjunction with unilateral myopia of -20D). There were no significant differences in age and sex between the children whose data were analyzed and excluded (unpaired t-test, all P \> 0.05). [Table 1](#pone.0238122.t001){ref-type="table"} shows a summary of the baseline data of the children included in the analysis. There were significant differences in sex and age between the three years of the study. Due to lower numbers of children in the younger (6 and 7 years) and older (14 and15 years) ends of the age range, data for the 6 and 7 years old were combined into one group and 14 and 15 were similarly combined for analysis. Two thirds of the children came from rural areas (socioeconomic status level 5), one third came from low-density housing in the outer suburbs of Sydney \[[@pone.0238122.ref032]\].

10.1371/journal.pone.0238122.t001

###### Characteristics of the schoolchildren \[mean ± SD or n (%)\].
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  Group                                                           All            2014           2016           2018           P-value (3 years)
  --------------------------------------------------------------- -------------- -------------- -------------- -------------- -------------------
  **N**                                                           4365           1517           1394           1454           
  **Sex**                                                                                                                     0.01
  **    Male**                                                    2054 (47.1%)   696 (45.9%)    629 (45.1%)    729 (50.1%)    
  **    Female**                                                  2311 (52.9%)   821 (54.1%)    765 (54.9%)    725 (49.9%)    
  **Age**                                                         11.12 ± 1.66   11.08 ± 1.81   11.04 ± 1.66   11.23 ± 1.49   0.008
  **Age groups (N, % of total)**                                                                                              \< 0.001
  **    6 and 7**                                                 158 (3.6%)     74 (4.9%)      57 (4.1%)      27 (1.9%)      
  **    8**                                                       301 (6.9%)     126 (8.3%)     92 (6.6%)      83 (5.7%)      
  **    9**                                                       552 (12.7%)    189 (12.5%)    202 (14.5%)    161 (11.1%)    
  **    10**                                                      874 (20.0%)    285 (18.8%)    279 (20.0%)    310 (21.3%)    
  **    11**                                                      1248(28.6%)    408 (26.9%)    390 (28.0%)    450 (30.9%)    
  **    12**                                                      625 (14.4%)    210 (13.8%)    185 (13.3%)    230 (15.8%)    
  **    13**                                                      408 (9.4%)     128 (8.4%)     134 (9.6%)     146 (10.0%)    
  **    14 and 15**                                               199 (4.6%)     97 (6.4%)      55 (3.9%)      47 (3.2%)      
  **Prevalence Refractive errors**                                                                                            
  **    Myopia**                                                  176 (4.0%)     53 (3.5%)      61 (4.4%)      62 (4.3%)      0.41
  **    Hyperopia**                                               1935 (44.3%)   959 (63.2%)    528 (37.8%)    448 (30.9%)    \< 0.001
  **    Emmetropia**                                              2254 (51.6%)   505 (33.3%)    805 (57.8%)    944 (64.9%)    \< 0.001
  **Overall SER (D)**                                             0.69 ± 0.91    0.89 ± 0.86    0.62 ± 0.89    0.56 ± 0.95    \< 0.001
  **    Male**                                                    0.66 ± 0.88    0.84 ± 0.85    0.58 ± 0.81    0.56 ± 0.96    \< 0.001
  **    Female**                                                  0.72 ± 0.94    0.93 ± 0.88    0.65 ± 0.96    0.56 ± 0.99    \< 0.001
  **Overall astigmatism (D)**                                     -0.16 ± 0.39   -0.16 ± 0.40   -0.17 ± 0.38   -0.15 ± 0.39   0.32
  **    Male**                                                    -0.16 ± 0.40   -0.16 ± 0.40   -0.15 ± 0.39   -0.15 ± 0.41   0.51
  **    Female**                                                  -0.16 ± 0.38   -0.16 ± 0.37   -0.17 ± 0.38   -0.15 ± 0.39   0.43
  **Astigmatism[†](#t001fn002){ref-type="table-fn"} direction**                                                               
  **    WRT (30--0--150**^**0**^**)**                             474 (53.1%)    131 (37.9%)    146 (60.6%)    197 (64.4%)    \< 0.001
  **    ATR (60--120** ^**0**^**)**                               372 (41.7%)    193 (55.8%)    84 (34.9%)     95 (31.0%)     \< 0.001
  **    Oblique (31--59** ^**0**^ **and 121--149** ^**0**^**)**   47 (5.3%)      22 (6.4%)      11(4.6%)       14 (4.6%)      0.51

SER = spherical equivalent refraction.

**†** astigmatism \> 0.25D.

The overall prevalence of myopia, emmetropia and hyperopia were 4.0%, 51.6% and 44.3%, respectively. With respect to age groups, myopia prevalence increased gradually from 2.5% to 7.0%, at age 6 and 7, and 14 and 15, respectively, with a corresponding increase in the prevalence of emmetropia from 38.0% to 54.8% (all P \< 0.0001). For the same age range a decrease in prevalence of hyperopia was observed with age from 59.5% to 38.2% (P \< 0.0001) ([Table 2](#pone.0238122.t002){ref-type="table"}). Across the three time points, the prevalence of emmetropia increased from 33.3% to 57.8% and 64.9% in 2014, 2016 and 2018, respectively (P \< 0.001). In comparison, over the 3 years, hyperopia prevalence decreased from 63.2% to 37.8% and 30.9%, respectively (P \< 0.001), myopia prevalence was 3.5%, 4.4% and 4.3%, respectively. There was no significant difference in the prevalence of myopia between three years (all P \> 0.05). Multivariate regression analyses showed that the older the age, the higher the prevalence of myopia (OR = 1.20, 95% CI: 1.09\~1.31, P = 0.0001), but the prevalence of myopia was not related to sex (OR = 1.10, 95% CI: 0.81\~1.49, P = 0.53) or year of testing (P \> 0.05, [Table 3](#pone.0238122.t003){ref-type="table"}).

10.1371/journal.pone.0238122.t002

###### Prevalence of refractive errors, mean Spherical Equivalent Refraction (SER) and astigmatism for all 4,365 schoolchildren according to sex and age.
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                      Prevalence (%)   Mean (D)                                    
  ------------------- ---------------- -------------- -------------- ------------- --------------
  **All**             176 (4.0%)       2254 (51.6%)   1935 (44.3%)   0.69 ± 0.91   -0.16 ± 0.39
  **Sex**                                                                          
  **    Male**        78 (3.8%)        1109 (54.0%)   867 (42.2%)    0.66 ± 0.88   -0.16 ± 0.40
  **    Female**      98 (4.2%)        1145 (49.5%)   1068 (46.2%)   0.72 ± 0.94   -0.16 ± 0.38
  ***P* value**       0.46             0.003          0.008          \< 0.001      0.54
  **Age groups**                                                                   
  **    6 and 7**     4 (2.5%)         60 (38.0%)     94 (59.5%)     0.97 ± 1.04   -0.15 ± 0.32
  **    8**           5 (1.7%)         144 (47.8%)    152 (50.5%)    0.80 ± 0.84   -0.14 ± 0.32
  **    9**           14 (2.5%)        271 (49.1%)    267 (48.4%)    0.75 ± 0.86   -0.16 ± 0.40
  **    10**          38 (4.3%)        459 (52.5%)    377 (43.1%)    0.70 ± 0.96   -0.15 ± 0.39
  **    11**          50 (4.0%)        668 (53.5%)    530 (42.5%)    0.66 ± 0.83   -0.18 ± 0.44
  **    12**          26 (4.2%)        323 (51.7%)    276 (44.2%)    0.70 ± 1.02   -0.17 ± 0.39
  **    13**          25 (6.1%)        220 (53.9%)    163 (40.0%)    0.54 ± 0.82   -0.16 ± 0.41
  **    14 and 15**   14 (7.0%)        109 (54.8%)    76 (38.2%)     0.59 ± 1.07   -0.17 ± 0.39
  **P value**         \< 0.0001        \< 0.0001      \< 0.0001      \< 0.001      0.48

10.1371/journal.pone.0238122.t003

###### Multivariate regression analyses to estimate the changing trend of prevalence of myopia, mean Spherical Equivalent Refraction (SER) and astigmatism with years of test.

![](pone.0238122.t003){#pone.0238122.t003g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Exposure                Year                   Non-adjusted, (95% CI)   P value                Model I, (95% CI)   P value                 Model II, (95% CI)   P value
  ----------------------- ---------------------- ------------------------ ---------------------- ------------------- ----------------------- -------------------- ---------
  \                       2014                   Reference                                       Reference                                   Reference            
  **Myopia prevalence**                                                                                                                                           

  2016                    1.26 (0.87, 1.84)      0.22                     1.28 (0.88, 1.87)      0.19                1.28 (0.88, 1.87)       0.19                 

  2018                    1.23 (0.85, 1.79)      0.28                     1.22 (0.84, 1.77)      0.30                1.22 (0.84, 1.78)       0.29                 

  \                       2014                   Reference                                       Reference                                   Reference            
  **Mean SER**                                                                                                                                                    

  2016                    -0.27 (-0.34, -0.20)   \< 0.0001                -0.27 (-0.34, -0.21)   \< 0.0001           -0.27 (-0.345, -0.21)   \< 0.0001            

  2018                    -0.32 (-0.39, -0.26)   \< 0.0001                -0.32 (-0.38, -0.25)   \< 0.0001           -0.31 (-0.38, -0.25)    \< 0.0001            

  \                       2014                   Reference                                       Reference                                   Reference            
  **Mean astigmatism**                                                                                                                                            

  2016                    0.03 (0, 0.06)         0.11                     0.03 (0, 0.06)         0.11                0.03 (0, 0.06)          0.12                 

  2018                    0 (-0.03, 0.03)        0.93                     0 (-0.03,0.03)         0.92                0 (-0.03, 0.03)         0.93                 
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Model I is adjusted for age; Model II is adjusted for age and sex.

The overall mean SER was 0.69 ± 0.91D (range 9.88D to -5.75D), of which male and female means were 0.66 ± 0.88D and 0.72 ± 0.94D, respectively (P \< 0.0001). The mean SER decreased significantly with age, from 1.00 ± 1.03D in the 6 and 7 years-old female cohort to 0.62 ± 1.30D in the 14 and 15 years-old cohort and from 0.92 ± 1.06D to 0.57 ± 0.73D in the corresponding male cohort. The mean SER was 0.89 ± 0.86D, 0.62 ± 0.89D and 0.56 ± 0.95D in 2014, 2016 and 2018, respectively (P \< 0.001). Multivariate regression analyses showed that the mean SER was related to sex, age and year of testing. The mean SER of females was higher than that of males (β = 0.06, 95% CI: 0 \~ 0.11, P = 0.04). The mean SER demonstrates a significant shift towards less hyperopia with increasing age (β = -0.05, 95% CI: -0.06\~ -0.03, P \< 0.0001). Moreover, the mean SER in females (β = -0.06, 95% CI: -0.09\~ -0.04, P \< 0.0001) decreased faster than in males (β = -0.02, 95% CI: -0.05\~ 0, P = 0.04) with age (P ~interaction~ = 0.02, [Fig 1](#pone.0238122.g001){ref-type="fig"}). The mean SER decreased slightly from 2014 to 2018 (P \< 0.0001, [Table 3](#pone.0238122.t003){ref-type="table"}).

![Smooth curve fitting between mean spherical equivalent refraction (SER) and age.\
Mean SER decreased with age both in males (solid lines, β = -0.02, 95% CI: -0.05\~0, P = 0.04) and females (dashed lines, β = -0.06, 95% CI: -0.09\~ -0.04, P \< 0.0001). There was a faster mean SER reduction in females compared to males (P = 0.02, interaction test).](pone.0238122.g001){#pone.0238122.g001}

The overall mean astigmatism was -0.16 ± 0.39D (range 0 to -5.00D). Seventy-nine percent of eyes exhibited negligible astigmatism (i.e. ≤0.25 D) and 18% showed astigmatism between -0.25 D and -1.0 D. Multivariate regression analyses showed that the mean astigmatism was not related to sex (β = 0.002, 95% CI: -0.024\~ 0.028, P = 0.89), age (β = -0.01, 95% CI: -0.02\~ 0, P = 0.27) and year of testing (all P \> 0.05). Of the 893 (21%) eyes with astigmatism \>0.25 D in the current study, approximately 53% exhibited with-the-rule astigmatism (WTR: negative axis within 30° of the horizontal), nearly 5% exhibited oblique astigmatism (axis 30--60° or 120--150°) and the remaining 42% exhibited against-the-rule astigmatism (ATR: axis 60--120°). Across the three time points, the prevalence of WTR increased from 37.9% to 60.6% and 64.4% in 2014, 2016 and 2018, respectively (P \< 0.001). In comparison, over the 3 years, ATR prevalence decreased from 55.8% to 34.9% and 31.0%, respectively (P \< 0.001), oblique astigmatism prevalence was 5.3%, 6.4% and 4.6%, respectively. (P = 0.51).

Compared with a similar population of children seen at Stewart House 40 years ago, and for data gathered using the same testing protocol ([Table 4](#pone.0238122.t004){ref-type="table"}) \[[@pone.0238122.ref031]\], the age distribution was similar, although the proportion of females was higher in the current study (53.1% vs. 48.6%). Using the definition of myopia (in either eye data, SER \< 0) as used in the earlier report, the prevalence of myopia has doubled in both males and females (male: 7.4% vs. 3.3%; female: 7.3% vs. 3.8%) and there is a higher prevalence hypermetropia greater than \>1.25D (male: 14.0% vs. 7.1%; female: 19.8% vs. 13.1%) in the current study. The prevalence of astigmatism and sex differences were very similar across these two separate historic cohorts.

10.1371/journal.pone.0238122.t004

###### Comparison between 1976 and the current study.
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  Study                                                        1976            Current study (2014, 2016 and 2018)
  ------------------------------------------------------------ --------------- -------------------------------------
  **N**                                                        1166 (1 year)   4365 (3 years)
  **Age: Min\~Max (Mean)**                                     5\~16           6\~15 (11.13)
  **Sex (%): male / female**                                   51.4 / 48.6     46.9 / 53.1
  **Prevalence (%): male / female**                                            
  **    Hypermetropia [†](#t004fn002){ref-type="table-fn"}**   7.1 / 13.1      14.0 / 19.8
  **    Myopia [†](#t004fn002){ref-type="table-fn"}**          3.3 / 3.8       7.4 / 7.3
  **    Astigmatism [†](#t004fn002){ref-type="table-fn"}**                     
  **        Right eye**                                        7.9 / 11.6      7.1 / 7.4
  **        Left eye**                                         6.6 / 7.8       6.6 / 7.5

Definition criteria (Study in 1976: in either eye data. myopia = spherical equivalent refraction (SER) \< 0; hypermetropia SER greater than \>1.25D; astigmatism: \>0.75D.

† Prevalence of hypermetropia (myopia or astigmatism) in males means percentage of males with hypermetropia (myopia or astigmatism) in the total number of males.

Discussion {#sec008}
==========

In this retrospective cross-sectional audit, we evaluated 4365 disadvantaged Australian schoolchildren and showed that myopia prevalence increased with age and mean SER decreased slightly from 2014 to 2018. Sex differences in the rate of change with age were observed. Compared with a similar population examined 40 years ago \[[@pone.0238122.ref031]\], the prevalence of myopia has doubled, but it remains significantly lower, and the refraction is slightly more hyperopic, than in other locations amongst schoolchildren of a similar age.

Other cross-sectional studies at different time points in different countries or areas also showed that the prevalence of myopia among schoolchildren increased over time ([Table 5](#pone.0238122.t005){ref-type="table"}) \[[@pone.0238122.ref007],[@pone.0238122.ref013],[@pone.0238122.ref014],[@pone.0238122.ref016], [@pone.0238122.ref033]--[@pone.0238122.ref036]\]. Differences in prevalence between studies may be related to race, age distribution, myopia definition and follow-up time in different studies. In these studies, the highest prevalence of myopia was in Asia (Mainland China, Hong Kong, Taiwan and Japan), second highest in United States and Israeli, third highest in Northern Ireland and Australian urban areas, and the lowest in disadvantaged Australian schoolchildren. The lower prevalence of myopia in Australia generally may be related to Australia\'s educational system and lifestyle \[[@pone.0238122.ref016]\]. This study has demonstrated for the first time, lower myopia prevalence and higher SER associated with socioeconomic disadvantage in Australia, particularly in a population of children from rural areas. Geographical remoteness is associated with children spending more physically active time outdoors than children living in urban areas and conceivably spending less free time on digital devices and near tasks. Educational expectations and learning outcomes are higher for children living in urban regions, particularly in high density housing \[[@pone.0238122.ref037]--[@pone.0238122.ref039]\].

10.1371/journal.pone.0238122.t005

###### Change in myopia prevalence and mean Spherical Equivalent Refraction (SER) of schoolchildren over time in different countries.

![](pone.0238122.t005){#pone.0238122.t005g}

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author                                                 Country            Study commenced (number)   Study completed (number)   Study duration (year)   Age (year)   Refraction method                    Myopia definition           Myopia prevalence (%)   Mean SER (D)             
  ------------------------------------------------------ ------------------ -------------------------- -------------------------- ----------------------- ------------ ------------------------------------ ------------------- ------- ----------------------- -------------- --------- ---------
  **Chen et al \[[@pone.0238122.ref036]\] 2018**         Eastern China      2001                       2015                       15                      18.5         Non---cycloplegic autorefraction     ≤ - 0.50            all     79.5                    87.7           \- 2.5    \- 3.4

  \(2418\)                                               \(2932\)                                                                                                                                                                                                                        

  **Lam et al \[[@pone.0238122.ref005]\] 2011**          Hong Kong          1991                       2005--2010                 20                      6--12        Non---cycloplegic autorefraction     \< - 0.50           age 6   25                      18.3           \- 0.03   \- 0.06

  Chinese                                                \(383\)            (-)                        age12                      64                      61.5         \- 1.45                              \- 1.67                                                                      

  **Lin et al \[[@pone.0238122.ref007]\] 2004**          Taiwanese          1983                       2000                       18                      7--18        Cycloplegic autorefraction           \< - 0.25           age 7   5.8                     20             0.52      0.17

                                                         \(4125\)           \(10878\)                  age 12                     36.7                    61           \- 0.48                              \- 1.45                                                                      

  age 15                                                 64.2               81                         \- 1.49                    \- 2.89                                                                                                                                                

  **Li et al \[[@pone.0238122.ref035]\] 2017**           Beijing, China     2006                       2015                       10                      15           Cycloplegic autorefraction           \< - 0.50           all     55.95                   65.48          \- 2.23   -3.13

  \(3657\)                                               \(3676\)                                                                                                                                                                                                                        

  **Matsumura et al \[[@pone.0238122.ref033]\] 1999**\   Japan              1984                       1996                       13                      3--17        Non---cycloplegic autorefraction     ≤ - 0.50            age 7   5                       15             0.50      0.50

  (-)                                                    (-)                age 12                     35                         60                      \- 0.75      \- 1.75                                                                                                           

  age 17                                                 49.3               65.6                       \- 1.75                    \- 2.25                                                                                                                                                

  **Vitale et al \[[@pone.0238122.ref013]\] 2009**       United States      1971--1972                 1999--2004                 30                      12--17       Objective refraction or lensometry   \< 0                all     24                      33.9           \-        \-

  (-)                                                    (-)                black                      12                         31.2                                                                                                                                                   

  white                                                  25.8               34.5                                                                                                                                                                                                         

  **Bar et al \[[@pone.0238122.ref034]\] 2005**          Israeli            1990                       2002                       13                      16--22       Non---cycloplegic autorefraction     ≤ - 0.50            all     20.3                    28.3           \-        \-

  \(56639\)                                              \(83966\)                                                                                                                                                                                                                       

  **McCullough et al \[[@pone.0238122.ref017]\] 2016**   Northern Ireland   2006--2008                 2011--2014                 6                       12--13       Cycloplegic autorefraction           ≤ - 0.50            all     16.4                    14.6           \- 1.25   \- 1.25

  \(669\)                                                \(212\)                                                                                                                                                                                                                         

                                                                            1960                       2011--2014                 50                                   Cycloplegic autorefraction           ≤ - 0.50            all     7.2                     14.6           1.8       1.13

  (-)                                                    \(212\)            (age 10--16)               (age 12--13)               (age 7)                 (age 7)                                                                                                                        

  **French et al \[[@pone.0238122.ref014]\] 2013**       Sydney, urban      2004--2005                 2009--2011                 6                       12           Cycloplegic autorefraction           ≤ - 0.50            all     13                      14.4           0.38      0.31

  \(2353\)                                               \(1084\)           European                                                                                                                                                                                                     

  Caucasian                                              4.4                8.3                                                                                                                                                                                                          

  East Asian                                             38.5               42.7                                                                                                                                                                                                         

  **Junghans et al \[[@pone.0238122.ref016]\] 2005**     Sydney, urban      1990                       1998--2004                 10                      4--12        Non---cycloplegic retinoscopy        ≤ - 0.50            all     6.5                     8.4            0.50      0.45

  \(2535\)                                               \(1936\)           age 4                      2                          2.3                                                                                                                                                    

  age 12                                                 10.9               14.7                                                                                                                                                                                                         

  **Current study**                                      Sydney,            2014                       2018                       5                       6--15        Non---cycloplegic retinoscopy        ≤ - 0.50            all     3.8                     4.3            0.88      0.60

  disadvantaged                                          \(1599\)           \(1499\)                   age 7                      1.4                     1.7          1.09                                 0.94                                                                         

  age 12                                                 6.4                4.6                        1.01                       0.69                                                                                                                                                   

  age 15                                                 6.8                6.4                        0.62                       0.58                                                                                                                                                   

                                                                            1976 (1166)                2014--2018 (4365)          40                      6--15        Non---cycloplegic retinoscopy        ≤ - 0.50            male    3.3                     4.9            \-        0.76

  female                                                 3.8                5.4                                                   0.83                                                                                                                                                   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In a study of Chinese schoolchildren in Hong Kong in 2005--2010 \[[@pone.0238122.ref005],[@pone.0238122.ref006]\], the prevalence of myopia in schoolchildren aged 6 and 12, was similar to 20 years prior. In a study comparing the prevalence of myopia in 6- and 7-year- old children of Chinese ethnicity in Sydney and Singapore \[[@pone.0238122.ref040]\], the prevalence of myopia was significantly lower in Sydney than in Singapore. Taken together, these studies suggest that environmental factors such as living areas, lifestyles and early educational pressures may have an impact on the prevalence of myopia \[[@pone.0238122.ref040]\]. Our participants are from rural and outer suburban areas of New South Wales and the Australian Capital Territory where Asian children are a minority and the ethnic mix of participants has not changed significantly over the period of the study \[[@pone.0238122.ref041]\].

In the current study, the mean SER showed a slight shift towards less hyperopia and the astigmatism remained stable from 2014 to 2018. This SER could be reasoned to be related to the significant reduction in the prevalence of hyperopia and increased prevalence of emmetropia, but stable prevalence of myopia over the three years. Several cross-sectional studies have also found at different time points that the refractions shifted in a myopic direction or became more severe myopic shift over time ([Table 5](#pone.0238122.t005){ref-type="table"}) \[[@pone.0238122.ref007],[@pone.0238122.ref014],[@pone.0238122.ref017],[@pone.0238122.ref033],[@pone.0238122.ref035],[@pone.0238122.ref036]\]. Compared with the studies above, the SER in this study showed a slightly higher degree of hyperopia for children of the same age. Moreover, the mean SER was hyperopic across all ages in the current study. The trend of changing refractive state with age was similar to a study of children from urban areas of Sydney \[[@pone.0238122.ref016]\], but the children in the latter study were younger (aged 4--12) and had a slightly lower hyperopic SER (0.60D vs. 0.45D). Compared with other studies, the schoolchildren with a slightly higher degree of hyperopia in this study may be partly responsible for the low and stable prevalence of myopia. Mean astigmatism was not related to age and sex. The trends of changing mean astigmatism with age \[[@pone.0238122.ref042],[@pone.0238122.ref043]\] and sex \[[@pone.0238122.ref043]\] were similar to other studies.

There was no sex difference in the prevalence of myopia, although, females had a significantly higher mean hyperopic refraction than males in this study. These trends were consistent with that of children within a similar Australian population from 40 years ago \[[@pone.0238122.ref031]\]. In contrast, the later study of urban children in Sydney aged of 4-12-years-old found that there was no sex difference in myopia prevalence and mean refraction \[[@pone.0238122.ref016]\]. Studies in Beijing, China \[[@pone.0238122.ref044]\] and Taiwan \[[@pone.0238122.ref007]\] found that females had a higher prevalence of myopia and females had a higher mean refraction of myopia. In cross-sectional studies carried out in Beijing over a 10 year period \[[@pone.0238122.ref035]\] and in Western China over 15 years \[[@pone.0238122.ref036]\], the prevalence of myopia in females was higher than in males each year. However, a cross-sectional study of 6-12-year-olds in Hongkong \[[@pone.0238122.ref005]\] found that males and females had the same myopia prevalence, with older males having longer axial length and flatter corneal curvature. Contrasting findings in these prior studies may be related to different race and age distributions. Moreover, in the current study, we found that the mean SER of females decreased faster than males with age. Similar findings have been reported in both cross-sectional \[[@pone.0238122.ref044]\] and longitudinal studies \[[@pone.0238122.ref003]\]. This may be related to different visual experiences in daily life \[[@pone.0238122.ref035],[@pone.0238122.ref044]\]. One possible explanation was that females tend to spend more time reading and performing near work and less time outdoors \[[@pone.0238122.ref039],[@pone.0238122.ref045],[@pone.0238122.ref046]\]. Children experiencing appropriate outdoor light intensity and those spending more time spent outdoors showed significantly less myopic shift and axial elongation \[[@pone.0238122.ref047],[@pone.0238122.ref048]\].

The main strength of this study is that the cross-sectional data at 3 time points included 4365 disadvantaged Australian schoolchildren aged 6--15, and thus describes accurate and representative data on the changing trend of the related factors of myopia prevalence and mean SER. Potential limitations of non-cycloplegia in our analysis should be mentioned. Cycloplegic refraction is proposed as the gold standard for determining refractive error and yields better results than non-cycloplegic retinoscopy \[[@pone.0238122.ref049],[@pone.0238122.ref050]\]. Non-cycloplegic retinoscopy can result in overestimation of myopia and underestimation of hyperopia in young children \[[@pone.0238122.ref050],[@pone.0238122.ref051]\]. However, Yeotikar \[[@pone.0238122.ref052]\] found that mean difference in SER for 7 to 16 years children obtained by non-cycloplegic refraction with contralateral fogging and cycloplegic refraction was small (mean of 0.29D) and not clinically significant. Meanwhile, if we remove the 6--7 age group or 6--8 age group from the analysis, the overall trend of myopia prevalence with age does not change, indicating that this overestimation is unlikely to have occurred. In this study, the screening eye examination was part of a battery of other physical examinations, consequently cycloplegic refraction was not appropriate. In several previous Australian studies, non-cycloplegic refraction was performed in a similar age groups in a similar manner allowing a meaningful comparison over time \[[@pone.0238122.ref015],[@pone.0238122.ref016],[@pone.0238122.ref031]\]. In addition, there are less children enrolled in the low-grade groups in 2018, with more children enrolled in the middle to high grade groups, comparing with 2014 and 2016 (ex. Only 1.9% in age group 6 and 7 in 2018 vs. 4.7% and 4.1% in 2014 and 2016, respectively). However, the School Principal selects all eligible children from disadvantaged families, so there is some variation in the age and sex profile of children year to year. Meanwhile, multivariate regression analyses accommodate these variations in numbers by adjusting for age and sex to estimate the changing trend of refractive error over time.

In conclusion, this study showed that the prevalence of myopia among disadvantaged Australian schoolchildren aged 6--15 has doubled compared with 40 years ago amongst schoolchildren of a similar age, but it continues to be significantly lower and the refraction is slightly more hyperopic than in other locations including in Australian urban areas. This may suggest that reasons for the large increase in prevalence of myopia reported in other countries must include questions relating to environmental risk factors, in particular, socioeconomic status, education and outdoor activity in addition to genetic propensity.
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Thank you for the opportunity to revise this manuscript for consideration. The comments have been carefully considered and a revised submission has been uploaded, including both a marked up version and clean version. Changes to the manuscript are highlighted in yellow and detailed responses to the reviewers' comments are presented in italics below.

Reviewer \#1:

It\'s a known fact, nothing new. Study of myopia, astigmatism separately, not using SER may be more important in the future. Full cycloplegic refraction data will be needed. Different age groups will be also needed to be separated.

Answer: (1) Thank you for this comment. We have separated the astigmatic component as suggested and presented this by age (in Tables 1 and 2).

We have added this information to lines 187-201, page 8: "The overall mean astigmatism was -0.16 ± 0.39D (range 0 to -5.00D). Seventy-nine percent of eyes exhibited negligible astigmatism (i.e. ≤0.25 D) and 18% showed astigmatism between -0.25 D and -1.0 D. Multivariate regression analyses showed that the mean astigmatism was not related to sex (β=0.002, 95% CI: -0.024\~ 0.028, P =0.89), age (β= -0.01, 95% CI: -0.02\~ 0, P = 0.27) and year of testing (all P \> 0.05). Of the 893 (21%) eyes with astigmatism \>0.25 D in the current study, approximately 53% exhibited with-the-rule astigmatism (WTR: negative axis within 30° of the horizontal), nearly 5% exhibited oblique astigmatism (axis 30 - 60° or 120 - 150°) and the remaining 42% exhibited against-the-rule astigmatism (ATR: axis 60 - 120°). Across the three time points, the prevalence of WTR increased from 37.9% to 60.6% and 64.4% in 2014, 2016 and 2018, respectively (P \< 0.001). In comparison, over the 3 years, ATR prevalence decreased from 55.8% to 34.9% and 31.0%, respectively (P \< 0.001), oblique astigmatism prevalence was 5.3%, 6.4% and 4.6%, respectively. (P = 0.51)."

\(2\) This was a screening study and cycloplegic refraction was not determined. This limitation has been addressed in the discussion at lines 308-319, page12: "Cycloplegic refraction is proposed as the gold standard for determining refractive error and yields better results than non-cycloplegic retinoscopy. Non-cycloplegic retinoscopy can result in overestimation of myopia and underestimation of hyperopia in young children. However, if we remove the 6-7 age group or 6-8 age group from the analysis, the overall trend of myopia prevalence with age does not change, indicating that this overestimation is unlikely to have occurred. In this study, the screening eye examination was part of a battery of other physical examinations, consequently cycloplegic refraction was not appropriate. In several previous Australian studies, non-cycloplegic refraction was performed in a similar age groups in a similar manner allowing a meaningful comparison over time."

Reviewer \#2:

This is a detailed study, but as you\'ve mentioned, this study didn\'t use cycloplegic refraction. Since the overall spherical equivalent refraction was less than 1 diopter, the amount of refraction changed might be significant.

Answer: Please see the response to question 2, reviewer \#1.

Reviewer \#3:

1\. In this study, refractive error was determined by noncycloplegic retinoscopy, instead of cycloplegic autorefractometry. Noncycloplegic refraction could result in overestimation of myopia and underestimation of hyperopia, especially in young children. Therefore, there would be some impacts in the statistical results. For example, in table 2, the higher prevalence of myopia in age group 6-7 than that in age group 8 could be the result of pseudomyopia in younger kids. In table 1, higher proportions of younger children (age 6-8) in 2014 group might result in more overestimation of myopia.

Answer: (1) Noncycloplegic refraction may indeed result in overestimation of myopia and underestimation of hyperopia, especially in young children. We have further analysed the data based on age. In Table 2, there are 4(2.5%) and 5(1.7%) children with myopia in age 6-7 group and in age 8 group respectively. If we remove the 6-7 age group or 6-8 age group, the overall trend of myopia prevalence with age does not change.

A sentence has been added at lines 312-314 as follows: "However, if we remove the 6-7 age group or 6-8 age group from the analysis, the overall trend of myopia prevalence with age does not change, indicating that this overestimation is unlikely to have occurred."

In Table 1, there are 2(1%), 3(2%) and 4(3.6%) children with myopia aged 6-8 in 2014, 2016 and 2018, respectively. Although there are more children aged 6-8 in 2014, the proportion of myopia is not statistically higher. Meanwhile, we found that the mean SER decreased slightly and the mean astigmatism was stable from 2014 to 2018.

2\. Children with ocular pathology were excluded from the study, but strabismus cases were not excluded. Without cycloplegia, the real refractive status could be masked by accommodation in strabismic children (ex. accommodative esotropia, intermittent exotropia \...).

Answer: Thank you for this comment. We excluded the 112 strabismus cases (64 exotropia, 47 esotropia, 1 vertical strabismus) and reanalyzed the data. We added this content and changed all other relevant data throughout the manuscript. See lines 119-122, page 4: "the data of 4365 (95.2%) children were used for analysis. Of the 220 children whose data were excluded (67, 67 and 86 cases in 2014, 2016 and 2018, respectively), 112 were strabismus (64 exotropia, 47 esotropia, 1 vertical strabismus)". Meanwhile, the conclusions of the article did not change after excluding the112 strabismus cases compared with including them.

3\. The author did not mention that the retinoscopy was performed by one or multiple examiners. There would be inter-observer variability of retinoscopy.

Answer: Thank you for this comment. All the retinoscopy was performed by one examiner (AD). We added this content on lines 93-94, page 4.

4\. The author did not mention the composition of subjects. As we know, race is an important factor of myopia prevalence.

Answer: Thank you for this comment. Please see the links (<https://en.wikipedia.org/wiki/Asian_Australians>) for specific data on Asians lived in Australia. The table \"Metropolitan areas with significant Asian Australian populations (2016 Census)" seems to indicate that 97.7% of Asians live in the capital cities. Our participants are from rural and outer suburban areas and Asian children are a minority. This has been addressed in the discussion at lines 261-264(Our participants are from rural and outer suburban areas and Asian children are a minority and the ethnic mix of participants has not changed significantly over the period of the study).

5\. There is no discussion about the significantly increased proportions of both myopia and hyperopia in this study as compared to the similar study in 1976.

Answer: The prevalence of myopia in Australia is increasing, consistent with reports from many other parts of the world. The main reason of the increased proportions of myopia may be the changing educational system and lifestyle. The slightly higher proportion of hyperopia compared to the earlier studies is consistent with another recent study in the Sydney urban population and is discussed at lines 272-279.

Reviewer \#4:

The authors of the paper "Prevalence of myopia among disadvantaged Australian schoolchildren: a 5-year cross-sectional study "presents a cross-sectional analysis of refractive data and myopia prevalence in Australian children during the years 2014/2016/2018. The authors found that, although the prevalent of myopia remained low comparing with other locations, the mean spherical equivalent refraction (SER) decreased from 2014 to 2018, accompany with shifting towards less hyperopia. They also found that females had higher mean SER, but with faster decrease than male with age. In general, this paper is well-written and easy to follow. However, there are few points to be considered.

1\. This paper found the mean SER decreased from 2016 to 2018, with trends of less hyperopia and stable myopia. However, reviewing the numbers of included cases, there are less children enrolled in the low grade groups in 2018, with more children enrolled in the middle to high grade groups, comparing with 2014 and 2016 (ex. Only 1.9% in age group 6 and 7 in 2018 vs. 4.7% and 4% in 2014 and 2016, respectively). Could the authors make some explanations that this will not lead to selection bias?

Answer: Thank you for this comment. The School Principal selects all eligible children from disadvantaged families, so there is some variation in the age and sex profile of children year to year. However, multivariate regression analyses accommodate these variations in numbers by adjusting for age and sex to estimate the changing trend of refractive error over time (Table 3). We have added this information to lines 319-327, page 12: " In addition, there are less children enrolled in the low-grade groups in 2018, with more children enrolled in the middle to high grade groups, comparing with 2014 and 2016 (ex. Only 1.9% in age group 6 and 7 in 2018 vs. 4.7% and 4.1% in 2014 and 2016, respectively). However, the School Principal selects all eligible children from disadvantaged families, so there is some variation in the age and sex profile of children year to year. Meanwhile, multivariate regression analyses accommodate these variations in numbers by adjusting for age and sex to estimate the changing trend of refractive error over time."

2.The authors found females had higher mean SER, but with faster decrease with age comparing with male. Unlike other studies with higher prevalence of myopia in female, the higher prevalence of hyperopia in female in the present study is somewhat different. This could possibly be explained by different visual experiences in daily life. However, similar to question 1, there are more female children included in this study, especially in 2014 and 2016, could this also be a confounding factor?

Answer: Thank you for this comment. As for the question regarding age, multivariate regression analyses accommodate these variations by adjusting for age and sex to estimate the changing trend of refractive error over time (Table 3).
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group from the analysis for supporting your opinion?

To my knowledge, previous study suggested that cycloplegia refraction should be performed before age 20, because the differences might up to 0.36±0.41D in the 13 year olds group (IOVS April 2010).

Reviewer \#3: The analysis in this study is detailed. However, there are two weaknesses.

1\. Noncycloplegic refractive examination was used.

2\. There are a lot of similar studies in the literature, including quite a few studies of Australian children. This study did not provide anything new.

Reviewer \#4: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

Reviewer \#3: No

Reviewer \#4: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1
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"Prevalence of myopia among disadvantaged Australian schoolchildren: a 5-year cross-sectional study"

We thank the reviewers again for their helpful suggestions and offer this rejoinder in response to the comments.

Reviewer \#2:

\(1\) I wonder that why did you choose to remove the 6-7 age group or 6-8 age group from the analysis for supporting your opinion?

Response:

During the first round of comments on the manuscript, the third reviewer raised a question as follows 'Noncycloplegic refraction potentially resulting in overestimation of myopia and underestimation of hyperopia, especially in young children. Therefore, there would be some impacts in the statistical results. For example, in table 2, the higher prevalence of myopia in age group 6-7 than that in age group 8 could be the result of pseudomyopia in younger kids. In table 1, higher proportions of younger children (age 6-8) in 2014 group might result in more overestimation of myopia." To address this question, we reanalyzed the data with either the 6-7 age group or 6-8 age group removed. The overall trend of myopia prevalence with age did not change. This has been described at line 315 and we have made no further changes to the manuscript in this revision.

\(2\) To my knowledge, previous study suggested that cycloplegia refraction should be performed before age 20, because the differences might up to 0.36±0.41D in the 13 year olds group (IOVS April 2010).

Response:

In the study referred to (IOVS April 2010),1 refractive error before and after cycloplegia was measured using a Humphrey 598 Autorefractor. They compared the difference between refractive error before and after cycloplegia resulting in the conclusion above. However, a different method was used in our study: refractive error was determined by non-cycloplegic retinoscopy using the fogging technique while the child maintained fixation on a distant (6 m) non-accommodative target. Yeotikar 2 found that mean difference in SER for 7 to 16 years children obtained by non-cycloplegic refraction with contralateral fogging and cycloplegic refraction was small (mean of 0.29D) and was not clinically significant. We have added this content to the section on limitations in the discussion (line 312-315).

We agree that with respect to physiological aspects, the absence of cycloplegia (thus allowing accommodation as an uncontrolled variable) does affect one's power to understand the degree of refractive latency to a certain degree. However, the dogmatic use of cycloplegics in all studies as dictated by the RESC protocol is not warranted, particularly in a screening examination in a respite environment as described in this study. The percentage of children affected by this latency is quite small and will have a very small impact on the mean SER of a cohort of thousands of children.

Furthermore, the mandatory inclusion of cycloplegia avoids the issue arising from a number of reports alluding to the fact that cycloplegia can physiologically cause a significant minus shift in refractive error in a (albeit small) percentage of children (e.g. FA Young etal 1971, WM Ludlam et al 1972, HC Cheng & YT Hsieh 2014) and adults (TT Toh et al 2005). Other reports do not comment on this aspect, yet their data clearly indicate the same message when visually inspecting their scatter plots showing the difference in SER pre/post cycloplegic (e.g. R Fotedar etal 2007, where all dots below the x-axis represent children exhibiting a minus shift during cycloplegia). This minus-wards shift is due presumably to a forward shift of the crystalline lens during cycloplegia (L Gao etal 2002). Notably, the percentage of children shifting from one RESC-designated refractive group to another as a result of cycloplegia is very small, either plus-wards or minus-wards, indicating that net relative shift in numbers due to the physiological variable of accommodation does not necessarily mean that the any overall claims driven by the data will change substantially.

As other non-cycloplegic studies also exist in the literature, we believe there are sufficient data for direct comparison with the results presented in this study and have not made further changes in the manuscript.

Reviewer \#3: The analysis in this study is detailed. However, there are two weaknesses.

1\. Noncycloplegic refractive examination was used.

Response:

See above for Response to Reviewer 1, Q (2)

2\. There are a lot of similar studies in the literature, including quite a few studies of Australian children. This study did not provide anything new.

Response：

The other Australian data either represents a complete cross section of society (Sydney Myopia study data),3-5 or, comes mainly from higher socioeconomic groups (VEC).6,7 Our new data focusses more on lower socioeconomic groups, and the lower prevalence of myopia in those children from predominantly rural regions corresponds with the lower prevalence found in these social groups in other countries .
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Reviewer \#2: All comments have been addressed
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2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.
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3\. Has the statistical analysis been performed appropriately and rigorously?
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4\. Have the authors made all data underlying the findings in their manuscript fully available?
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6\. Review Comments to the Author
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